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Development of a telemedicine program
A review of 1,000 videoconferencing consultations

ABSTRACT�Objective To examine the financial and organizational characteristics, demand for services,
and satisfaction outcomes of a growing telemedicine program serving both urban or suburban and rural
populations. � Design Retrospective review of 1,000 consecutive telemedicine consultations in the University
of California (UC) Davis Telemedicine Program. � Setting Telemedicine videoconferencing units, used to
integrate care in the UC Davis Health System among the UC Davis Medical Center and several urban or
suburban primary care clinics, rural hospitals, and clinic affiliates. � Subjects A total of 657 consecutive
patients who consented to a telemedicine consultation. �Main outcome measuresDemographic information
about the patient population, the rural and urban or suburban clinics, the types of specialty consultations, and
telemedicine equipment used in the UC Davis Health System. Patient and physician satisfaction were mea-
sured on a 5-point Likert scale. � Results Patients and primary care physicians reported high levels of satis-
faction. Rural clinics requested more and a greater variety of specialist consultations than urban or suburban
clinics. � Conclusion Although referring physicians and patients indicate a high level of satisfaction with
telemedicine services and insurers are negotiating reimbursement policies, additional research must investigate
the reasons why some payers, patients, and providers resist participation in these services.

INTRODUCTION
A driving force behind the growth and development of
telemedicine programs across the country has been the
need to increase access to medical services in rural settings.
Telemedicine enhances the quality of local care1 and pa-
tient satisfaction2 by allowing patients to see specialist
physicians in their home communities, rather than ex-
pending time and money traveling to large urban centers.

Since the mid-1990s, the cost of technology has rap-
idly decreased,3 making videoconferencing affordable to
more health care recipients. In 1996, the Office of Rural

Health Policy conducted an interview of rural hospitals to
assess their use of telemedicine.4,5 Of the 2,472 hospitals
surveyed, 499 used telemedicine. Of these, a third had
used videoconferencing for a variety of clinical services. In
fact, cardiologic, dermatologic, and psychiatric services
were used at least once by more than 30% of facilities.

In 1996, the University of California (UC) Davis
Health System began a telemedicine pilot at 3 sites within
its primary care network comprising urban and suburban
clinics owned by the university. The use of telemedicine in
the primary care network became the prototype for tele-
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medicine applications in a variety of rural hospitals and
correctional facilities, both of which have had problems
with health care access.

We review the start-up experience of a telemedicine
program based in a large regional health system in north-
ern California. We reviewed 1,000 consultations to assess
demographic characteristics of patients and physicians and
service provision in the program. We also assessed patient
and primary care physician satisfaction. In our analysis, we
compared the performance, demand, and satisfaction
scores of rural and urban or suburban clinics.

PARTICIPANTS AND METHODS
The study population included 657 patients who were
seen during the course of 1,000 telemedicine consultations
(some were seen for follow-up). Patients were asked by
their physician about receiving specialist care through a
telemedicine consultation. Participation in telemedicine
was voluntary for both patients and physicians. Patients
could choose to see the physician in person or by tele-
medicine.

On the day of the appointment, after signing an in-
formed consent agreement, patients were briefed on the
nature of the telemedicine consultation, including who
would be involved and the patient’s right to change the
mode of care to face-to-face consultation. Patients who
were younger than 18 years required the consent of a
parent or legal guardian to participate in the telemedicine
consultation. In cases of medical emergency—such as
acute myocardial infarction or suicidal ideation—patients
were referred to local medical services in lieu of telemedi-
cine. Patient demographic information and insurance sta-
tus—commercial insurance, Medicare, Medi-Cal (Cali-
fornia’s Medicaid), or grant support—were recorded for
all consultations.

PROCEDURES
Physicians desiring specialty consultation for their patients
had the option of offering telemedicine rather than tradi-
tional consultations. Patients willing to be seen by a spe-
cialist by videoconference were scheduled for an appoint-
ment at the nearest telemedicine clinic affiliated with their
primary care physician’s office. A medical assistant at the
primary care site arranged the consultation and faxed rel-
evant patient history and physical examination data to the
UC Davis Telemedicine Program, which forwarded the
information to the specialist consultant before the consul-
tation.

Following the consultation, patients rated their satis-
faction on a 1-page questionnaire containing 5-point
Likert-type items (5 = excellent). Respondents rated their
ability to speak freely with their consultant, their willing-
ness to use telemedicine in the future, the competence of
the staff to handle the telemedicine equipment (ability to

troubleshoot technical difficulties and to optimize audio
and video capabilities), the ability of the telemedicine con-
sultation to meet their medical needs, and overall satisfac-
tion. The patient satisfaction form was faxed to the UC
Davis Telemedicine Program and stored in secured data
files. All reports of these data have been tabulated in sum-
mary form.

Primary care physicians were invited to participate in
the consultation and rated their satisfaction with the ex-
perience on a 5-point Likert scale. Physicians responded to
questions about their ability to understand the specialist
consultant, the quality of the audio and video transmis-
sion, performing physical examinations with the aid of the
specialist consultant (such as using the nasolaryngoscope),
and overall satisfaction. All responses were confidential.

RESULTS
Response rates
Although refusal rates were not tracked for all patient
groups, a high percentage of patients were willing to use
telemedicine for consultation. Even in the area of psychi-
atric care, where acceptance rates for telemedicine were
expected to be low, 29% of patients chose telemedicine for
the initial visit, whereas 35% chose telemedicine for fol-
low-up care. These results may not be representative of all
specialty clinics provided by telemedicine.

Demand for services
The first 1,000 consultations mainly included patients
seen in 6 urban or suburban clinics and 2 rural clinics. The
606 (excluding 51 patients seen in correctional facilities)
patients who used telemedicine in a rural or suburban
location differed significantly in age (P<0.05). The rural
telemedicine patients had a larger proportion of pediatric
patients (17.9% vs 7.3%) than the urban or suburban
group. There was not a statistically significant difference
between the proportion of male and female patients seen
in the rural and suburban clinics (P = 0.13). For rural and
suburban or urban clinics, cancellation rates were 10.8%
and 11.5%, respectively (P = 0.75).

Rural and urban or suburban primary care clinics were
compared in several variables using t tests (table 1). The
mean distance of the rural and urban or suburban clinics
was 123.25 and 40.8 miles, respectively, from UC Davis
Medical Center (t = 3.55, P<0.05). Rural clinics used
more consultants (18 vs 7; t = 2.38, P = 0.05) and more
medical specialties for consultations (13.5 vs 5; t = 2.84,
P<0.05) than urban or suburban clinics.

Telemedicine consultations were provided in 19 dif-
ferent specialty areas. Overall, the most common tele-
medicine consultations requested were nutrition, mainly
for diabetic and lipid disorders (32.8%); dermatology
(22.3%); and behavioral health, psychiatry, or both
(15.8%) (table 3). Of the 1,000 consultations, 65.8%
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were initial evaluations and 34.1% were referrals for fol-
low-up appointments. The overall cancellation rate was
11.1%, with a range from 21.4% (infectious diseases) to
0% (rheumatology). Specialties involving unique exami-
nation procedures or imaging techniques (otolaryngology,
dermatology, and orthopedics) generally required 30 min-
utes or less of consultation time for initial and follow-up
visits. Interview-based consultations, including those pro-
vided in nutrition, behavioral health, and endocrinology,

required as much as 60 minutes for the initial evaluation
and 30 minutes for follow-up appointments.

Satisfaction
Data regarding patient satisfaction were collected on 362 of
the 1,000 consultations (table 4). Interview-based specialties
(such as endocrinology) were more highly rated by patients
than those involving the use of scopes, cameras, or special-
ized examinations (such as dermatology or orthopedics).

Table 2 Specialty characteristics of first 1,000 telemedicine consultations* at UC Davis, 1996–1999

Specialty Visits, No.
Follow-up
visits, No.

Total
volume, %

Cancellation
rate, %

Time
for initial
visit, min

Time for
follow-up
visit, min

Nutrition 172 156 32.8 16.3 60 30
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Dermatology 158 65 22.3 9.0 15 15
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Behavioral health 85 73 15.8 7.3 50 25
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Otolaryngology 65 5 7.0 8.2 30 30
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Orthopedics 66 3 6.9 5.9 30 15
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Endocrinology 44 15 5.9 13.2 60 30
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rheumatology 21 9 3.0 0 60 30
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pain management 16 6 2.2 18.5 60 30
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Infectious disease 8 3 1.1 21.4 60 30

*Specialties with �5 consultations, including cardiology, gastroenterology, genetics, hematology, hepatology, nephrology, obstetrics-gynecology, podiatry, surgery, and
urology, were excluded from this analysis (2.8% of total volume).

Table 1 Clinic characteristics of first 1,000 telemedicine consultations at UC Davis Health System, 1996-1999

Location

Distance
from medical
center, mi

Travel time to
medical center,

hr:min
Consultants,

No. Specialties (total No.)

Clinic
Auburn 36.7 0:53 3 Dermatology, psychiatry (2)
Chico 93.3 2:38 13 Cardiology, dermatology, otolaryngology, pain

management, endocrinology, gastroenterology,
orthopedics, podiatry, psychiatry, rheumatology (10)

Davis 21.9 0:32 3 Dermatology, psychiatry (2)
Placerville 37.9 0:52 7 Dermatology, otolaryngology, infectious disease,

nutrition, psychiatry (5)
Quincy 148.2 4:16 13 Cardiology, dermatology, otolaryngology,

endocrinology, genetics, nephrology, nutrition,
orthopedics, psychiatry, rheumatology, surgery (11)

Roseville 20 0:31 2 Dermatology, psychiatry (2)
Sonora 98.3 2:41 23 Dermatology, otolaryngology, endocrinology,

gastroenterology, genetics, hematology, hepatology,
infectious disease, nutrition, obstetrics-gynecology,
orthopedics, pain management, podiatry, psychiatry,
rheumatology, urology (16)

Vacaville 35 0:52 14 Cardiology, dermatology, otolaryngology,
endocrinology, infectious disease, nutrition,
orthopedics, pain management, psychiatry (9)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Correctional
facilities*

�355.5 �5:55 8 Dermatology, otolaryngology, infectious disease,
orthopedics, endocrinology (5)

*Correctional facilities were located in both Sacramento and Crescent City.
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A total of 204 primary care physicians, representing
only the rural clinics, completed satisfaction surveys (table
5). Primary care physicians rated their overall satisfaction
with telemedicine at 4.30 or greater. Their satisfaction
with the examination process and the quality of the audio
and video transmission fell below 4.00 in only 1 clinical
area: rheumatology. In about 1 of 5 consultations, the
physician reported a technical difficulty. Commonly re-
ported problems were lag time between the audio and
video signals, unexpected disconnections, “choppy” audio

transmission, and difficulty manipulating the peripheral
devices to acquire a clinically acceptable image.

Reimbursement and program costs
The method of payment was recorded for each telemedi-
cine consultation provided (table 3). Direct costs of the
services were not measured.

The type of insurance coverage showed significant dif-
ferences between the rural and suburban or urban popu-
lations of telemedicine patients (P<0.05). The rural con-
sultations were more frequently billed to Medi-Cal
(52.9% vs 1.0%) and fewer consultations through com-
mercial insurance (41.3% vs 87.4%) than the urban or
suburban population. Insurance coverage through Medi-
care was 3 times less common in the rural population than
in the urban or suburban population (3.6% vs 10.6%).

The total average cost of videoconferencing units is
$12,800. Peripheral devices, such as a dermatology camera
and a nasopharyngoscope, with its own light source and
camera, may reach $19,000 in system costs. Variable costs
for telemedicine relate to telecommunications line
charges—which can be as much as $60 per hour for digital
phone service connection—and clinic coordination.
These costs would not be incurred in a typical face-to-face
clinic.

DISCUSSION
The results from this project suggest differences in de-
mand for specialty services between rural and suburban
sites, with rural sites having higher demand overall, and in
the breadth of specialties. We found high satisfaction with
telemedicine consultations among both patients and pri-

Table 3 Characteristics of consultations conducted in suburban or urban
versus rural telemedicine network*

Characteristic

Suburban-
urban, No. (%)
(N = 717)

Rural, No. (%)
(N = 223)

Time period†
Jul 1996-Jan 1997 11 (1.5) 0 (0)
Jan 1997-Jul 1997 58 (8.1) 0 (0)
Jul 1997-Jan 1998 154 (21.5) 0 (0)
Jan 1998-Jul 1998 202 (28.2) 44 (19.7)
Jul 1998-Feb 1999 292 (40.7) 179 (80.3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consultation type‡
Initial visit 466 (65.0) 140 (62.8)
Follow-up 251 (35.0) 83 (37.2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Insurance type†
Medi-Cal 7 (1.0) 118 (52.9)
Medicare 76 (10.6) 8 (3.6)
Indigent 0 (0) 2 (0.9)
Self-pay 2 (0.3) 0 (0)
Managed care 627 (87.4) 92 (41.3)
Other 5 (0.7) 3 (1.3)

*Sixty consultations were not classified as either suburban-urban or rural.
†P < 0.05.
‡P = 0.96.

Table 4 Patient mean satisfaction scores* for the first 1,000 telemedicine consultations at UC Davis, 1996-1999 (n = 362)

Specialty
Ability to
talk freely 95% CI

Ability to meet
medical needs 95% CI

Staff well
trained 95% CI

Will use
in future 95% CI

Nutrition 4.68 4.51-4.85 4.33 † 4.72 4.55-4.89 4.60 4.39-4.81
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Dermatology 4.57 4.45-4.69 4.63 4.52-4.74 4.64 4.52-4.76 4.79 4.65-4.93
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Behavioral health 4.59 4.38-4.80 4.05 3.61-4.49 4.66 4.48-4.84 4.63 4.35-4.91
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Otolaryngology 4.76 4.55-4.97 4.63 † 4.59 4.38-4.80 4.86 4.78-4.94
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Orthopedics 4.48 4.24-4.72 4.29 † 4.29 4.12-4.46 4.88 †
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Endocrinology 4.77 4.59-4.95 4.87 4.75-4.99 4.87 4.75-4.99 5.00 †
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rheumatology 4.42 4.15-4.69 4.42 4.17-4.67 4.65 4.43-4.87 4.92 †
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pain management 4.85 † 4.77 † 4.92 † 5.00 †
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other‡ 4.36 4.04-4.68 4.52 4.20-4.84 4.57 4.31-4.83 4.68 4.39-4.97
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

All specialties 4.59 4.52-4.66 4.57 4.48-4.66 4.68 4.62-4.74 4.79 4.72-4.86

CI = confidence interval.
*Mean scores are derived from a 5-point Likert-type questionnaire (5 = excellent).
†Number of patients is too small to reliably calculate 95% CI.
‡Other includes cardiology, gastroenterology, genetics, hematology, hepatology, infectious disease, nephrology, podiatry, pediatrics, perinatology, and urology.
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mary care physicians. Participation in telemedicine was
completely voluntary. Therefore, the results presented in
this article may not be representative of all physicians’ and
patients’ willingness to use this modality of care.

The use of telemedicine may result in increased medi-
cal interventions among the patients who use it. This is
because it is being introduced to patient groups (Medi-Cal
recipients) who before the availability of telemedicine had
limited access to specialist services. The extent to which
health service use has increased because of telemedicine
cannot be stated at this time. Once data are collected on
health service use resulting from telemedicine, research can
be focused on changes in morbidity and mortality among
telemedicine patients and possibly reducing overall health
care costs.

Other concerns about telemedicine relate to the effect
it may have in eroding the involvement of primary care
physicians in the care of their patients. This program has
found that many primary care providers, in fact, derive an
educational benefit from collaborating with a physician

specialist. Within our first 1,000 consultations, telemedi-
cine referrals from primary care physicians were generated
because of the limited access to medical specialists in rural
communities. In the past year, this program has observed
that midlevel providers—physician assistants and nurse
practitioners—are increasingly referring patients to tele-
medicine in communities where there is a shortage of
primary care physicians.

Barriers to the use of telemedicine include the problem
of reimbursement. In California, a law was passed in 1996
that mandated reimbursement for telemedicine services.6

Nonetheless, many insurance payers have not developed a
reimbursement policy for telemedicine and have required
education about the clinical content of the standard tele-
medicine visit, the role of the presenting provider, and the
importance of paying for the resources involved in care,
mainly telecommunications costs. Medi-Cal is currently
evaluating the effect of telemedicine in traditionally un-
derserved areas and the financial effects on the state of
providing payment.

At the national level, the Health Care Financing Ad-
ministration has established policy mandating, as of Janu-
ary 1999, that Medicare reimburse for telemedicine in
underserved rural areas when the referring practitioner is
present. This policy, however, had little effect on the first
1,000 telemedicine consultations provided at UC Davis.

There are several limitations to the data presented in
this report. First, the patients, referring physicians, con-
sultants, and health system in this study may not be gen-
eralizable to other settings. Furthermore, diagnostic data
were not collected, and there were no clinical outcome
measures, only subjective ratings of satisfaction. Data on
objective medical outcomes will be important to evaluate
in the future because there may be diagnoses that are less
amenable to treatment by telemedicine consultation. Sec-
ond, the satisfaction data are limited because, owing to the
lack of a telemedicine coordinator in most clinic settings,
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This physician, treating a boy with burns in a remote Texas hospital,
is transmitting live video images of the burn to a specialist 250 miles
away

Table 5 Rural provider satisfaction scores* for the first 1,000 telemedicine consultations at UC Davis, 1996–1999 (N = 204)

Specialty

Ability to
understand
specialist 95% CI

Ability to
perform

examination 95% CI
Audio
quality 95% CI

Video
quality 95% CI

Dermatology 4.74 4.64–4.84 4.50 4.34–4.66 4.55 4.41–4.69 4.59 4.46–4.7
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Endocrinology 4.79 4.64–4.94 4.65 4.42–4.88 4.07 3.57–4.57 4.52 4.22–4.8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pain management 4.86 † 4.50 † 4.50 † 4.79 †
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rheumatology 4.82 4.64–5.00 3.93 3.50–4.36 3.96 3.60–4.32 3.75 3.27–4.2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other‡ 4.73 4.53–4.93 4.67 4.45–4.89 4.05 3.69–4.59 4.61 4.39–4.8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

All specialties 4.76 4.53–4.83 4.46 4.34–4.58 4.30 4.17–4.43 4.48 4.37–4.5

CI = confidence interval.
*Mean scores are derived from a 5-point Likert-type questionnaire (5 = excellent).
†Number of providers is too small to reliably calculate 95% CI.
‡Other includes behavioral health, nutrition, gastroenterology, genetics, hematology, hepatology, infectious disease, nephrology, orthopedics, otolaryngology, pediatrics,
perinatology, podiatry, and urology.
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the questionnaire was not administered to every patient.
In addition, there was no control group against which to
compare any ratings, and the study was nonrandomized.
To that end, 2 randomized controlled trials have been
initiated in the past year on the delivery of home health
and psychiatry through telemedicine compared with tra-
ditional face-to-face care.

Despite these limitations, these data provide important
information from a usual-care perspective for those who
are considering telemedicine services to provide specialty
care. In the future, controlled studies are needed to further
assess the effects of telemedicine on patient outcomes and
cost-effectiveness.

....................................................................................................
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